Abstract: Group V element analogues of graphene have attracted a lot attention recently due to their semiconducting band structures, which make them promising for next generation electronic and optoelectronic devices based on two-dimensional materials. Theoretical investigations predict high electron mobility, large band gaps, band gap tuning by strain, formation of topological phases, quantum spin Hall effect at room temperature, and superconductivity amongst others. Here, we report a successful formation of freestanding like monolayer arsenene on Ag(111). This was concluded from our experimental atomic and electronic structure data by comparing to results of our theoretical calculations. Arsenene forms a buckled honeycomb layer on Ag(111) with a lattice constant of 3.6 Å showing an indirect band gap of ~1.4 eV as deduced from the position of the Fermi level pinning.
while a band gap value of 2 eV has been reported from scanning tunneling spectroscopy (STS) measurements 6 . Experimental studies have been performed both on few-layer 9-11 and on monolayer phosphorene 4, 9 . However, the practical use of phosphorene in nanoelectronics might be difficult due to the methods of producing few-layer and monolayer phosphorene. Exfoliation from black phosphorus is the prevailing procedure, which results in small flakes of 1-10 m size 4, 9, 12 . Experimental investigations have also been performed on antimonene (Sb) [13] [14] [15] and bismuthene (Bi) 16 . Extended single layers of antimony and bismuth grown on Ag(111) and SiC(0001), respectively 15, 16 , have been interpreted as planar honeycomb structures with significantly larger lattice constants compared to the theoretically predicted buckled structures 7 .
There is not yet any experimental report of a single layer honeycomb structure formed by As, i.e., arsenene. Theoretically, single layer arsenene prefers a buckled honeycomb structure 7 , while puckered [18] [19] [20] [21] and planar 18 17, 19, 25 . Strain effects on the electronic structure have been discussed in several papers 17 -19,,23,25,28 . Apart from a possible conversion to a direct band gap semiconductor, strain has also been studied as a means to transform arsenene to a topological insulator (TI) and to achieve a quantum spin Hall (QSH) phase 23, 27, 28 .
Furthermore, superconductivity with a transition temperature as high as 30.8 K has been predicted for strained electron doped arsenene 22 . Other theoretical studies deal with defects in the arsenene layer 21, 29 , and the formation of electrical contacts by investigating arsenene metal interfaces 24 . Furthermore, in a theoretical study by Pizzi et al, arsenene was identified as a promising 2D material for field effect transistors (FET) with application in future nano electronics 26 .
In this paper, we present evidences of the successful formation of monolayer arsenene on (Fig. 2e) , obtained along the black line in Fig. 2d , we find an average lattice constant of 3.6 Å, which agrees with the value derived from LEED. Hence, we expect that our study will be of significant interest because of its potentially large impact on future nanoelectronics based on 2D materials. images were recorded at room temperature using an Omicron variable temperature STM at Linköping University, Sweden. ARPES data were obtained at the MAX-lab synchrotron radiation facility in Lund, Sweden, using the beam line I4 end station. Data were acquired at room temperature by a Phoibos 100 analyzer from Specs with a two-dimensional detector mounted at a 50° angle with respect to the incoming synchrotron light. The energy and angular resolutions were 50 meV and 0.3°, respectively.
Calculations. DFT calculations were performed to investigate the band structure of freestanding monolayer arsenene. The structure was modeled by a periodic slab with an in plane lattice constant of 3.61 Å and 19 Å of vacuum spacing. All atoms were relaxed until the average force was within 0.01 eV/Å. The band structure was calculated using the functional of Perdew, Burke and Ernzerhof (PBE) and the projector augmented wave method Vienna ab initio simulation package code (VASP) 30 . The energy cutoff of the plane-wave basis set was 434 eV, and the k-point mesh was (9×9×1).
